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Experimental Methods: 
Nanoparticle synthesis: A colloidal dispersion of seed nanoparticles with different Au and Ag 
ratios were synthesized by varying the molarity of the Au+ and Ag+.  Dodecanethiol (DDT)-
stabilized nanoparticles were prepared in chloroform using tetra-octyel amino bromide 
(TOAB), (C8H17)4NBr), as a phase transfer catalyst and an aqueous sodium borohydride 
solution (~0.44 M), NaBH4, as the reducing agent.  The organic phase was separated and 
precipitated with ethanol.  The precipitation was cleaned with ethanol and redispersed in 
toluene for further use as catalyst in nanowire growth. 
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Nanowire synthesis: Continuous-flow reactions for nanowire growth were carried out in a 
toluene medium using a liquid-injection chemical vapor deposition (LICVD) technique.  
Metal nanoparticles were spin-coated onto a H-terminated Si (001) or Ge (001) substrate and 
loaded into a stainless steel micro reactor cell, connected to metal tubing.  The reaction cell 
and connections were dried for 24 hr at 180 ºC under vacuum.  Solutions of diphenylgermane 
(DPG), the Ge precursor, in anhydrous toluene were prepared in an N2 glove box with a 
typical concentration of 5 μmole ml-1.  A DPG solution (5 μmole ml-1 ) was loaded into a 
Hamilton sample-lock syringe inside a nitrogen-filled glovebox.  Prior to injection, the coated 
Si substrate was annealed for 15 min at 460 ºC under a flowing H2/Ar atmosphere inside a 
tube furnace.  The precursor solution was then injected into the metal reaction cell using a 
high pressure syringe pump at a rate of 0.025 ml min-1.  A H2/Ar flow rate of 0.5 ml min-1 
was maintained during the entire growth period.  Typical growth times were varied to study 
the effect on nanowire length.  The reaction cell was allowed to cool to room temperature and 
disassembled to access the growth substrate.  Nanowires were washed with dry toluene and 
dried under N2 flow for further characterization. 
Characterization: The one-dimensional Ge nanostructures were analyzed 
using a FEI quanta 650 scanning electron microscope (SEM) and a JEOL 
2100 transmission electron microscope (TEM) operated at 200 kV 
equipped with an EDX detector (Oxford Instruments INCA energy 
system).  X-ray diffraction (XRD) studies were performed on a Phillips 
Xpert diffractometer.  The TEM heating experiments were performed on a JEOL 2100 TEM 
equipped with a Gatan 652 high-temperature sample holder. The in-situ experiments cover 
the temperature range from room temperature to 500 ºC. 
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Measurement of equilibrium concentration: Equilibrium concentrations was measured by 
heating the nanowires deposited on lacey carbon coated Cu grids (3 mm diameter).  In-situ 
experiments cover the temperature range between room temperature and 500 ºC.  The 
electron beam intensity was kept low (~ 1 A/ cm2) during the in-situ observation.  To avoid 
any change in the thermal environment between different nanowires during a single heating 
experiment nanowires in close proximities (in a 10  10 μm2 area) were considered.  Alloy 
compositions in the eutectic seeds at the tips of the nanowires at high temperatures were 
measured from the expansion of volume (V(T)-V(RT)) of the catalyst drop from room 
temperature to high temperature.  The equilibrium Ge content was calculated according to 
NGe = (V(T) – V(RT)/vGe, where NGe is the number of Ge atoms in the drop and vGe are atomic 
volumes of germanium (calculated from atomic mass and density).  Atomic percentage (XGe) 
of Ge content in the eutectic was calculated according to XGe = (NGe/(NAuAg + NGe)) × 100 
where NAuAg, number of Au and Ag atoms in the drop was calculated  from the room 
temperature volume according to NAuAg = V(RT)/vAuAg, where vAuAg is the atomic volume of 
Au-Ag alloy.  We have considered the catalyst shape at the tip of the nanowire as spherical 
cap and volume (V) at room temperature and high temperature was calculated according to 
V= πh/6 (3r2 + h2), where r is the radius of the cap and h is the height (see figure attached 
with this section).  A five percent error was incorporated in the calculation of equilibrium 
concentrations (Figure 2(b)) to consider the deviation of the shape from the exact spherical 
cap. 
Measurement of contact angle: Contact angles were measured at the liquid catalyst seed and 
solid nanowire interface by using imageJ and digitalmicrograph software.  High-resolution 
TEM images were used to precisely measure the angle at the tri-junction.  Results obtained 
with both the software were compared to minimise the error in the angle measurement.  An 
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approximate random error of ± 2º is present due to manual error and Fresnel fringe contrast. 
The lines drawn in the TEM images to reflect the angles serve as guide to the eye. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S1.  Melting for three different eutectic systems: (a) 38 nm Au-Ge (b) 46 nm 
Au0.75Ag0.25-Ge and (c) 46 nm Au0.65Ag0.35-Ge is shown through TEM images during in-situ 
annealing of metal droplets at the tip of the nanowires between room temperature and 480 ºC. 
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Figure. S2.  (a-b) TEM images showing a few examples of (111)-directed Ge-nanowires. 
 
 
 
0.33 nm 
 
(a) 
(b) 
6 
 
 
 
 
 
 
      
γvl 
γvs 
γls γls γvl 
γvs γvs 
γvl γls 
θc θc {113}{113} 
 
 
 
 
 
 
 
 
 
 
 
Figure S3.  Eutectic melting is observed for Au0.65Ag0.35-Ge systems of two different 
dimensions (left: 45 nm and right: 95 nm) as confirmed from the SAED pattern in the inset.  
No diffraction spots corresponding to metal components are observed at high temperature. 
 
 
 
 
 
 
 
Figure S4.  Schematic showing morphologies at the triple phase boundary with: (a) flat 
growth from and (b, c) faceted growth front with different degree of truncation, i.e. the length 
of {113} facets.  Arrows show different interfacial surface forces. 
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Figure S5.  TEM images showing the time dependent change in the eutectic Au0.75Ag0.25-Ge 
droplet shape at 460 ºC; a stable equilibrium structure was formed after a 8-10 min interval. 
8 
 
 
θ= 69˚  
 
θ= 84˚  
 
 
 
 
 
 
 
 
 
Figure S6.  The Gibbs-Thompson effect on nanowire growth was also evident from the TEM 
images for Au-Ge eutectics from the behavior of the contact angles of eutectic liquid droplets 
(at 460 ºC) with side wall facets of nanowire for different diameter nanowires: (a) 36 nm and 
(b) 70 nm. 
 
 
 
 
 
 
 
 
 
 
Figure S7.  Graph showing the non-linear dependence of the nanowire growth rate with 
nanowire diameter for two different seeds.  The ternary seed enables a higher growth velocity 
compared to pure Au seeds.  The length of the nanowires were measured by dark-field 
STEM, after transferring the nanowires from growth substrate to a SiN membrane grid.  For 
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the ex-situ growth rate measurements short length nanowires of shorter lengths (<10 μm) 
grown after 45 min growth time was used (unclear what you mean by this sentence – please 
clarify).  
 
 
